Abstract: Environmental decisions taken by farmers often depend on their age, gender, and formal education. Changes in these demographic variables are therefore important for designing long-term environmental policies. However, studies on the effect of demographic variables on environmental behavior often show conflicting results. Here, we used mail survey data (n = 3069) to determine whether education levels of landowners in rural southwestern Ontario, Canada, varied with age, gender, and occupation ("farmer" or "non-farmer"). Education level increased with decreasing age in all landowners with the exception of male farmers, where the opposite trend was observed. This striking result highlights the importance of taking into account interactions among demographic variables. The unexpected decrease in education level in young male farmers is cause for concern and may need to be taken into consideration by policymakers in the design and implementation of agri-environmental programming.
D emographic profiles of agricultural communities in the industrialized world are changing rapidly (Paquette and Domon, 1999; Cole and Donovan, 2008; Statistics Canada, 2011; Burholt and Dobbs, 2012) . These changes are of particular interest to environmental policymakers, as some demographic variables appear to be key factors in determining environmental behavior of farmers (Burton, 2014) . Many of today's environmental problems associated with the agricultural sector, such as managing excessive nutrient loads and carbon emissions, see a considerable time-lag between action and response. Policies addressing these issues therefore need to consider demographic changes to promote effective action (see Below et al., 2012) .
It remains difficult, however, to draw general conclusions about the effect of demographic variables on environmental decisions by farmers. Some researchers, for example, have demonstrated that younger farmers are more likely than older farmers to participate in agri-environmental initiatives (Wynn et al., 2001; Murphy et al., 2011) and adopt new technologies (D'Souza et al., 1993) . Other studies have found evidence for the opposite trend (Hoover and Wiitala, 1980; Abd-Ella et al., 1981; Lasley and Nolan, 1981; Barreiro-Hurlé et al., 2010) as well as for no relationship either way between age and adoption of conservation practices (Carlson et al., 1981; Wilson, 1997; Finger and Lehmann, 2012) .
Environmental behavior of farmers is also known to vary with gender. Generally, women are thought to be more environmentally oriented than men (Burton, 2014) . Women were shown to be more likely to support environmental government regulations (Filson, 1996) , follow organic farming practices (Egri, 1999) , and encourage wildlife on farms (Hall and Mogyorody, 2007) . Nevertheless, other studies did not detect an effect of gender on environmental behavior (Best, 2009; Conradie et al., 2013) .
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shown, for example, to enhance the adoption of organic farming (Best, 2009) , participation in agri-environmental schemes (Lambert et al., 2007; Barreiro-Hurlé et al., 2010) , and investment in sustainability measures (Jay, 2005 ). Yet again, other studies found no or an inverse relationship between the degree of education and environmental behavior in farmers (see Burton, 2014) .
The inconsistencies in these findings are perplexing. In this paper, we explore an issue that we believe has not received enough attention in this context but that may help to explain some of the contradictory results, namely, the effect of significant interactions between demographic variables. If, for example, men and women differ in their degree of formal education and as a result, in the environmental decisions taken, then testing for an effect of education and gender on behavior separately would lead to wrong conclusions. Here, we used demographic data collected as part of a mail survey to determine whether education level of landowners in rural southwestern Ontario, Canada, varied with age, gender, and occupation ("farmer" or "non-farmer").
Methods

Study Area
The study was conducted in the Grand River and the Upper Thames River watersheds in southwestern Ontario, Canada. The Upper Thames River watershed includes the municipalities of London, Woodstock, Stratford, and St. Marys and has a population of 515,640. It covers an area of 3421 km 2 , and agriculture is the dominant land use (75% coverage, followed by 14% natural vegetation and 10% urban/built-up land [Upper Thames River Conservation Authority, 2013]). The Grand River watershed is about twice as large in population size (925,000) as well as area (6800 km 2 ). Land use here is also dominated by agriculture, with 70% of the area being farmed (Grand River Conservation Authority, 2015).
Survey Design
The data for this study were obtained from a survey of rural landowners in or near the Upper Thames River and Grand River watersheds. The surveys were mailed in late April 2013 via Canada Post's Unaddressed Admail service (Canada Post, 2015) to all houses and farms located on rural postal routes in the Thames River watershed and a random sample of routes in the Grand River watershed. They were administered according to the tailored design method by Dillman (2007) : households were sent a cover letter and the questionnaire, followed by a card a week later to ask occupants to complete the survey or to thank them if they had already done so. Two weeks later, the same households received a complete second survey package. Respondents had the option of returning a ballot to win one of six $100 gift cards in each watershed. We sent out 18,090 surveys and received 3256 questionnaires that were usable, which equates to an 18% survey response rate. We cannot exclude the possibility of a non-response bias in our data set but note that our response rate is comparable to the response rates for two surveys following a similar design (14% in the Credit River watershed in Ontario [Trenholm et al., 2013] and 15% in Louisiana [Paudel et al., 2008] ).
Data Analysis
We used the following demographic variables in this analysis: education level (ordinal: "elementary school" = 1 to "graduate or professional degree" = 4), age (continuous), and landowner type (categorical: "farmer" or "non-farmer"; landowners were considered "farmers" if they declared farming as their main source of land use as opposed to "forestry, " "residential, " or "other").
Both farmers (n = 1704) and non-farmers (n = 1475) showed a similar frequency distribution with regard to age (Fig. 1) . We separated the respondents by gender and occupation ("farmer" or "non-farmer") into four groups. The year of birth ("age") variable was continuous (range: 1922-1996; mean: 1957) , and the education level variable was ordinal ("elementary school" = 1 to "graduate or professional degree" = 4). We therefore used a Spearman Rank Correlation to assess whether the two variables were correlated. Analyses were performed using the Free Statistics Software (Wessa, 2016) . 
Results and Discussion
Our data on changes in education level with age in rural landowners in southwestern Ontario showed a surprising pattern. In female farmers ( Fig. 2A) , female non-farmers (Fig. 2B) , and male non-farmers (Fig. 2D) , education levels increased significantly with decreasing age. Male farmers showed the opposite relationship between age and education levels (Fig. 2C) . Young male farmers have lower education levels than older male farmers and female farmers. These conclusions are based on the assumption that the likelihood of responding to the survey was not biased by age, gender, or landowner type. Our results demonstrate the importance of taking interactions among demographic variables into account in the context of, for example, examining drivers of environmental behavior. Failing to do so may indeed be a contributing factor to the somewhat surprising inconsistency of results of studies of demographics on environmental behavior (Burton, 2014) .
Demographic data are crucial for designing education policy. In Canada, the primary source for demographic data in the agricultural sector is the Census of Agriculture (Statistics Canada, 2011) . This survey is conducted every 5 yr by Statistics Canada to develop a statistical portrait of Canada's farms and its agricultural operators. The information obtained by the census is used by Canadian federal and provincial governments to develop, administer, and evaluate agricultural policies. The Census of Agriculture was first established in 1871 and provides an excellent historical perspective as well as detailed demographic information for every province and territory. The Census does not, however, provide an analytical breakdown of changes in education status by age and gender among Canadian farmers.
The Census of Agriculture is also a key source of information for universities and agri-businesses for research and planning (Statistics Canada, 2011) . The striking decrease in education levels in young male farmers is a finding that cannot be obtained from the data collected by Census of Agriculture, yet it is likely of interest to the agricultural postsecondary education sector. It raises red flags and may warrant investigation of the factors driving this trend and possibly design of strategies to reverse it. 
